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tial likelihood estimation of, 37- 
41; and state probabilities, 108, 
111, 113-116 

Hazard rate, 67-69; continuous- 
time, 87, 90-91; discrete-time, 
72-79, 88, 92-94; event-specific, 
87n; for repeated events, 91; of 
unemployment and employment 
states, 108, 130-132 

Heterogeneity, 111; components, 
density of, 117-118; maximum- 
likelihood estimates with, 124- 
128; pure and state-dependent, 
111-116; testing for, 118-119; 
uncontrolled, 127-128; unob- 
servable, 127 

Hospital admissions study, 161, 164—- 
165 

“How the Major Candidates Differ 
on Some Key Issues,” 180-181 


I 


Identification, 294 
Image enhancement techniques, 144 
Independence models, 210-213; 
achievements of, 277-278; com- 
parison of, 267-269; constrained, 
243-244; examples of, 269-277; 
fitting of, 261-267; limitations of, 
278-280; for multinomial distri- 
butions, 227; noncausal, 214-218, 
223-230; parameterization and 
identification of, 244-261; for 
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random variables, 224-226; re- 
ciprocal causal, 239-243; recur- 
sive causal, 230-239, 244; re- 
search needs in, 280 

Indirect effects: asymptotic confi- 
dence intervals for ratios of direct 
effects to, 307; asymptotic distri- 
bution of, in a _ nonrecursive 
model, 299n; asymptotic distribu- 
tion of, in a recursive model, 298- 
299; asymptotic variance-co- 
variance matrix of, 301, 304-305; 
estimates and asymptotic standard 
errors in, 303; estimates and 
asymptotic standard errors for 
ratios of direct effects to, 306; asa 
nonlinear function of structural 
parameters, 292-293, 298; total, 
301n 

Infinite horizon case, 105 

Influence: of individual cases, 318- 
319; measurement of, 338-347; 
of multiple cases, 347-354; of 
outlier, 317-318 

Information, in semigraphic displays, 
181 

Information matrix, 294, 299n, 301, 
303, 309-310 


Instantaneous transition rates, 12- 
13; estimation of, 24-26 

Interagreement matrix, 182-188, 
190 


Issues in elections: circular set struc- 
tures of, 192-199; clustering of, 
by type, 179; deviations from cir- 
cularity in, 199-204; polarity ad- 
justment in arrangement of, 189- 
192 


J 


Jet aircraft, study of design and per- 
formance factors of, 324-337, 
339-340, 346-347 

Joint distributions, 213; of causal 
modes, 233; of noncausal modes, 
215, 224-225; of recursive struc- 
tural equation models, 236, 240- 
241, 248; structural models for, 
213-214 
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K 


Kaplan-Meier estimator, 14-18, 23- 
24, 26, 37-39, 46, 50, 56 


L 


Labor force activity, 102; continuous- 
time models of, 124; initial state 
in, 120-122; mobility models of, 
103-111; three-state model of, 
129-135; time-varying covariates 
and heterogeneity aspects of, 
111-116, 128; two-state model of, 
116-119, 129-135. See also Em- 
ployment history analysis 

Ladder of powers, 152-153 

Lagged duration dependence, 110- 
111, 118-119 

Latent-class analysis, 209, 220, 255, 
276-277 

Latent random variable, 11 

Latent variables, 219 

“Leading crowd” model, 256, 275- 
277 

Least squares, 314, 316; ordinary, 63, 
76, 81, 83; weighted, 84, 89n 

Left-censored data, 5, 66n, 102, 120- 
122 

Left-right candidate orderings. See 
Political spectrum 

Likelihood function: initial condi- 
tions adjustments in, 120-122; for 
a two-state model, 116-119, 121 

Likelihood ratio statistic, 74, 80, 88, 
217; for assessing fit of models, 
267-268 

Linear digital filters, 143 

Linear regression model. See Re- 
gression 

LISREL IV program, 264, 299n, 308 

Log likelihood function: concen- 
trated, 299n, 308-309; in multi- 
variate normal distributions, 217; 
for nonrecursive models, 294; for 
recursive models, 294-295, 299 

Log-linear models, 63, 76, 86, 209; of 
independence, in multinomial dis- 
tribution, 227-230, 247-249; of 


multinomial random variables, 
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215-216; of race relations data, 
271-273 

Logistic regression, 72-73, 76, 89, 92 

Logit model, 72-74, 76, 79, 85-86, 
89 

Longitudinal surveys, 100, 102, 122 


M 


Mahalanobis distance measure, 321 

Marital histories, 3, 11, 50, 55-56, 63 

Markov chains, 100-101; and contin- 
uous-time process, 107-108, 110; 
and discrete-time process, 128; 
two- and three-state, 131—135 

Matrix. See Candidate-issue matrix; 
Information matrix; Interagree- 
ment matrix 

Maximum likelihood estimation, 14, 
28; comparison of, with 
partial-likelihood method, 39-40, 
45; in discrete-time analysis, 62, 
68-71, 76, 81-86, 88, 90; large- 
sample properties and, 292—295; 
Monte Carlo study of, 32—37, 39- 
41; of multinomial and multi- 
variate normal distribution, 217, 
261-267; nonparametric 118; of 
spells of employment, 122-128 

Median polish, 150, 161, 163, 165- 
167, 169-170 

Minimal sufficient 
216, 227 

MINITAB program package, 151, 
355-357 

Mobility, social, 350-354 

Monte Carlo studies, of maximum- 
and _ partial-likelihood estimates, 
32-37, 39-41 

Mover-stayer model, 101 

Moving average, 141, 143 

Multinomial distributions, 215-217, 
224; fitting of, 261-263; with la- 
tent variables, 220; log-linear 
model for, 227-230; recursive 
models with all values observed, 
247-249; recursive models with 
some values unobserved, 255-256 

Multivariate normal distributions, 
216-219, 224-225, 278-279, 


configurations, 
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293-298; fitting of, 263-267; 
with latent variables, 220; recur- 
sive models with all values ob- 
served, 244-247; recursive 
models with some vaiues ob- 
served, 249-255; structural equa- 
tions of, 235-239 
Multivariate random variables, 226 


N 


National Longitudinal 
Young Men, 122 
New York Times: candidate-issue ma- 
trix from, 180-181, 190-192, 
196; poll with CBS News, 187- 
188 

Newton-Raphson algorithm, 84n 

Nonadditivity, tests for, 168-169 

Noncausal models, 214-218, 222- 
230 

Nonemployment, 123-135. See also 
Out of labor force; Unemploy- 
ment 

Nonlinear smoothers. See 
smoothing 

Nonmarkovian models, 101—102 

Nonparametric analysis, 118; of 
event histories, 13-26 

Nonrandom concomitant 
231 

Nonrecursive models, 214; causal, or 
with reciprocal causation, 239- 
243; with gaussian data, 256-261; 
parameterization and_identifica- 
tion of, 256-261 

Nonstationary amplitude, 168-172 

Nonstationary variance, 151 

Nuisance function, 26-27, 31-33, 
38, 44, 54-58; estimation of, 45- 
46; sources of variation in, 46-48 


Survey of 


Data 


variables, 


O 


Occurrence dependence, 54 

One-degree-of-freedom test for non- 
additivity (QDOFFNA), 168-169 

Ordinary least-squares regression, 


63, 76, 81, 83 
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Out of labor force, 129-135 

Outliers: in regression, 154, 317- 
318, 322-324, 327, 340, 354; in 
time series, 143; in two-way tables, 
174 


P 


Panel data, and transition probability 
estimation, 13-14 

Parametric analysis, 157; of event his- 
tories, 2, 38, 53, 57; of lagged du- 
ration dependence, 110-111 

Partial likelihood analysis, 2, 26, 28- 
32, 45, 62, 69-70; comparison 
of, with maximum-likelihood 
method, 39-41; Monte Carlo 
study of, 32-37, 39, 41; with mul- 
tiple outcomes, 48—50; time varia- 
tion in, 42; of transition rates, 50— 
51 

Partially parametric analysis, of event 
histories, 26—56 

Path analysis, 209, 211, 230, 277, 
279, 290-291 

Paths (of graphs), 224 

Pearson product-moment 
tion, 188 

Periodic time series, 158-161, 168- 
172, missing data in, 167 

Polarity adjustment, 190-200, 204—- 
206 

Political spectrum: candidate order- 
ing of, 179, 182, 185-188; issue 
ordering of, 185, 200-204 


correla- 


“Political Spectrum of Support for 


the Candidates, A,” 187-188 
Potential, generalized, 349-350 
Probabilistic independence. See Inde- 

pendence models 
Probability density function (PDF), 8, 

30 
Probability plots, 337-338 
PROC MATRIX program, 308 


“Product-limit” estimator, 14-18 


Proportional hazards model, 26, 68- 
73, 83 
Proportional rates, 26-28 
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Q 


Qualitative data, structural models 
for, 211 

Quantitative data models, fitting of, 
210-212 


R 


Race relations data, causal analysis of, 
271-273 

Random-effect approach, 118 

Random variables, independence 
models for, 224-226 

Rayleigh modei, 19 

Reciprocal causation, 214, 220-222; 
independence constraints of, 239- 
243 

Recursive causal models, 214, 218- 
219; all values observed, multino- 
mial, 247-249; all values ob- 
served, multinormal, 244-247; 
asymptotic distribution of the 
coefficient vector in, 293-295, 
298-299; independence  con- 
straints of, 230-239; parameteri- 
zation and identification of, 244- 
256; some values observed, mul- 
tinomial, 255-256; some values 
observed, multinormal, 249-255; 
of voting behavior, 269-271 

Reduced form, 301n 

Re-expression, 150, 152-153, 169- 
171, 174 

Regression: fitting models of, 314- 
315; notation and basic results in, 
219-323; preliminary ideas and 
examples of, 316-319; probability 
plots for, 337-338 

Replicated data, 85 

Reroughing, 145 

Residual analysis, 316-320, 324, 332 
and plots of auxiliary variables 
329-338 

Resistant line, 150, 154 

Resmoothing, 145, 147 

Rice-Beyle index, 182, 184 

Right-censored data, 5, 14, 66 

Risk sets, 30, 53, 55 


Robustness, of estimation and data, 
340 

Rough, 142, 144, 153, 162-163 

Running mean, 141-144; span-2 
type, 146; three-point, weighted, 
147 

Running median, 143-146; 
compound smoothers, 147 


and 


S 


SABL computer program, 159, 171 

Sample influence curve (SIC), 341- 
342 

Sampling: fixed-interval, 
length-biased, 120 

SAS program, 308, 355-356 

Scalability, of candidates and issues, 
186-188, 195 

Scalogram techniques, 190, 204 

“Scar theory” of unemployment, 108 

Scatterplot, 326-327 

Score plots, 333-334 

Search theory, 105, 108 

Seasonal adjustment, 142, 144, 159- 
160, 172. See also Cyclical trends 

Semigraphic display, 178, 181-182 

Serially correlated unobserved com- 
ponents, 119 

Shrinking horizon, 105 

Simplex factor analysis, 238 

Smooth, 142, 144, 156, 169-170. See 
also Data smoothing 

Social mobility, 350-354 

Socioeconomic achievement models, 
indirect effects measurement in, 
298-299, 303-307 

Span, 144-146 

Spells, 4; duration of, in first sample, 
120; heterogeneity within and 
across, 115; in labor market the- 
ory, 103-104, 123-129 

State dependence, 109-110 

State-dependent heterogeneity, 112- 
116 

State probabilities, 6; in labor market 
models, 108; in nonparametric 
analysis, 13-14 

State space, 3 


118; 
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“Stigma” model, 108 

Structural diagrams, 197. See also 
Candidate-issue matrix 

Structural equations, 211, 219, 221; 
of arbitrary continuous random 
variables, 235-236; block recur- 
sive form of, 239; of multivariate 
gaussian data, 251-254; of multi- 
variate normal causal distribu- 
tions, 335-339; of recursive 
models, all variables observed, 
multinormal, 246-247 

Studentized residuals, 322—323, 329, 
349 

Survival data, 62 

Survivor function, 7—8, 28-29, 31, 
37; conditional, 11, 23; estimation 
of, 14-18, 38, 45-46, 56 

Systéme graphique, 179 


T 


Taylor expansion, 296-297, 335 

Time-varying covariates, 118 

Transformations, 152n, 313-314, 
318, 322, 325, 332-337. See also 
Re-expression 

Transition probabilities, 6-7, 10; 
conditional, 10-12; in nonpara- 
metric analysis, 13-14 

Transition rates, 26, 46-47, 49, 54- 
55; partial likelihood estimation 
of, 50-51 


U 


Underlying undirected graph, 232 

Unemployment: event and duration 
of, 109-110; “scar theory” of, 
108; in three-state model, 129- 
135; in two-state model, 103-111, 
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123-129. See also Out of labor 
force 

Unemployment proneness, 109 

United States fertility rate, 147-149, 
154-157, 159-164, 169-171 

Unobserved' variables, 219-220, 
230-231; recursive causal models 
of, 237-239; recursive multino- 
mial models of, 255-256; recur- 
sive multinormal models of, 249- 
255 


v 


Variables: dummy, dependent, 64, 
67, 76, 79-81, 84-93; indirect ef- 
fects of, 301-307; latent, 219; 
latent random, 11; in a model 
of socioeconomic achievement, 
300-301; multivariate random, 
226; nonrandom _ concomitant, 
231; random, 224-226; time- 
varying, 118. See also Exogenous 
variables; Explanatory variables; 
Unobserved variables 

Voting behavior, causal 
among data on, 269-271 


patterns 


Ww 


Waiting time, 4—5; distribution func- 
tion of, 8, 18; in labor market the- 
ory, 109, 111, 132 

Weibull hazard rate, 114 

Weibull model, 19-20, 68, 124-125, 
128-129 

Weighted least squares, 84, 89n 


Z 


Zero partial association, 216, 226, 
230, 261 
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